In this study, a levee is modeled by using ANSYS 11.0 to be analyzed for seepage and slope stability. One of the main causes of levees failure is the destabilizing effect of seepage forces of the infiltrating water during floods. The existence of the analogy between seepage and heat diffusion made it possible to analyze the hydraulic problem with ANSYS/THERMAL. In addition, the slope stability is analyzed for different cases by Strength Reduction Finite Element Method. The results showed that strength reduction technology was suitable for simple homogeneous side slope stability analysis. To verify the accuracy of the analysis, the results are compared with a case that studied by finite element program SEEP/W and SLOPE/W (GEOSLOPE 2007) has been taken and modeled by ANSYS/APDL. The results showed close to them for seepage and slope stability analysis. In other hand, some parameters such as flood conditions, permeability, slopes, and soil parameters (cohesion and angle of internal friction) are taken to study there effects on the seepage and slope stability. It is found that, the steep slope for cohesion less soil in high flood level is the most critical section of levees for both static and seismic load. Moreover, hydraulic behavior of clay core in a levee section subjected to flooding is investigated with help of numerical modeling. It was observed that a clay core can ensure reduction in pore water pressures and ensure adequate slope stability to the levee section.
Introduction
Levees are earthen embankments which protect the land side area during floods. They play a key role to protect areas which are in the vicinity of rivers.
As all these structures are having almost identical cross-section, a typical earth dam or a levee section is considered in this study. Mostly, the failure of embankment is as the consequences of cutting by the public, overflow, erosion, seepage and sliding [1] .
One of the most dangerous problems in designing the levee section is seepage of water through the layers of the levee that in touch with water in landward side. Various failures such as excessive hydrostatic pressures beneath an impervious top stratum on the landside, piping beneath the levee itself, and sand boils may be occurred in the absence of seepage control measures [2] . Some of principle for seepage control measures are provision of some control devices such as landside seepage berms, cutoff trenches, pervious toe trenches, riverside impervious blankets, interceptor drains, and pressure relief wells.
This paper are taken into account the stability and seepage analysis of a levee section which is analyzed using ANSYS 11.0 software and the results of analysis have been verified with (GEOSLOPE 2007) software. For comparison purposes, a levee section with clay core is considered. In other hand, some parameters such as flood conditions, permeability, slopes, soil parameters, and load conditions are taken to study there effects on the seepage and slope stability.
Methods Of Analysis by ANSYS

2.1Finite element by ANSYS
ANSYS is a one famous commercial finite element analysis system software. It is useful to analysis and solve the complex problem that need to serve time consuming and to be more accurate. Other software concerning finite element; namely; SEEP/W and SLOPE/W. SEEP/W is a numerical model that can mathematically simulate the real physical process of water flowing through a particulate medium. Software tools such as SEEP/W do not inherently lead to good results [3] .
The difference among them that ANSYS is multi option software. It can analyzes different features in the structure at the same time as compared with other one that specific mostly in only one feature. Moreover, it has verifications in its manual to give more confidence to the users.
2.2Slop Stability Analysis
The slice and numerical methods are the common methods of the slope stability analysis which they mainly depended on the limit of equilibrium and elastic-plastic theories, respectively [4, 5] . In between those two methods, the limit equilibrium method is a more traditional and mature method for the slope stability analysis. This is mainly includes the (Spencer, Fellenius, the Bishop, the Janhu method, and the slide wedge , ect.) methods [6, 7] .
Nowadays with developing of the computer technology and calculating methods, the finite element method is widely adopted in the slope stability calculation among other numerical methods [8] .
In this study, two dimensions (2D) slope stability model will be analyzed. The elastic-plastic large deformation finite element method (FEM) will be adopted. Moreover, the strength reduction technology combined with convergence criterion, and plastic zone penetrability criterion will be used.
The self-weight or external load function is a specific factor in the analysis of slope stability in the case of slope failed to maintain itself. In this case, the slope plastic zone would cover the whole slope and thus form slide band [9] .
The calculations for the slip surface by finite element are combined with the soil that slips with this slip surface [10, 11] . In this case, the Strength Reduction Factor (SRF); of finite element method is firstly set as an initial strength reduction coefficient and then constantly adjust shear strength parameters of soil mass using (SRF). This factor is applied on the shear strength . Therefore, the allowable shear stress is calculated as the shear strength is divided by this factor.
The Coulomb-Mohr shear strength could be given by:
Where: is defined above, while , , and are cohesion, normal stress, and angle of internal friction of soil; respectively. The allowable shear stress is calculated as:
Where: is the factor of safety that should be available for the soil slop stability. If the reduced parameter values; defined bellow; have been used, it will still has the same Coulomb-Mohr equation for shear strength.
Where: ́ and ́ are soil strength parameters for cohesion and angle of internal friction; respectively. These parameters given in (3) and (4) will consider as the material parameters input into a finite element software program. Therefore, the stresses remain safe because the program will restrict the shear stresses under these reduced shear strength parameters.
The mechanism of slope stability failure of the levees depends on SRF (F) ; if the reduction went on; slope would become unstable and failure would occur. During the numerical process, is varied and as it is increased, shear strength parameters (i.e., ́ ́) are decreased; then slope deformation gradually increased and slope stress and strain distribution began to change. After that, the slope condition gradually reached limit equilibrium from safe state.
2.3Seepage Analysis
One of the most important problems in designing the levee section is to control seepage of water.
Seepage analysis at ANSYS software has been done based on thermal methods, it made possible due to the existence of the analogy between the equations of seepage flow and the equations of the heat diffusion.
Mass and continuity equation seepage model are as below [12] :
In which: are permeability coefficient at x,y,z direction respectively. q: Discharge (for source/sink).
: Fluid head. : Reservoir capacity. Thermal-steady continuity condition, at ANSYS software are as below:
In which: T: is the temperature, : is the mass density, c:is the specific thermal coefficient, and : is thermal conductivity. Thermal index at different x,y,z are density at thermal resource.
In this comparison, is substitute with at Thermal equation. is substitute at , q which are similar Q.
Case Study
To validate the efficiency of ANSYS programing in seepage and slope stability analysis problems, the methods of analysis by ANSYS is applied on the levee taken from [13] , as shown in Fig. 1 .
The levee section has length L of 28.5 m, height of 5 m, crest width 6m, water side slope was assumed to be 1V:2.5H and landside slope was assumed as 1V:2H. The foundation material was assumed to have 5m thickness below the levee section.
Shear strength parameter and values of permeability for the levee, foundation are presented in Table 1 . Coefficient of permeability ; (cm/sec) 6
Numerical Simulation by using ANSYS
The finite element program ANSYS 11.0 is used to simulate seepage and slope stability for the assumed levee section. In seepage analysis approach, ANSYS/THERMAL model was adopted in simulation by using 2D 8-Node Thermal Solid element (PLANE77) as shown in Fig. 2 . The initial and final position of the water level in the levee must be prescribed. A number of trails were performed to obtain a suitable mesh configuration. Figure 2 . PLANE 77 Element Geometry [14] Soil mass is assumed to be incompressible and saturated for the sake convenience. As levee is subjected to flood thus seepage is modeled for High Flood Level (HFL) to simulate most severe situation at steady state condition.
Consequently, slope stability analyses were performed by 2D 8-Node Structural Solid element (PLANE 82), which similar to PLANE77 element in geometry, for HFL = 4 m. A series of numerical experiments were performed in order to get the minimum factor of safety (FS) according to strength reduction finite element method. For this problem, the horizontally constrained of boundary condition was for the right and left sides of the foundation; while it was completely fixed at the bottom side. In other hand, it more seriously to implies the load in the analysis of slope stability of levees; where the external loads are the gravity and lateral water pressure.
Results of Analysis and Discussion
5.1Seepage Analysis
According to Table 1 , levee section is modeled. This section is simulated for HFL=4m at steady seepage condition using finite element ANSYS Software and compare the results with the SEEP/W software in [13] . Fig. 3 and Fig.4 a, b show pore water pressure contours for SEEP/W and ANSYS software, respectively. Results showed in Figs. 3 and 4 proved the efficiency of ANSYS software in seepage analysis of levees, this due to the convergences between the results of the ANSYS and SEEP/W software for the same case studied.
5.2Slope Stability Analysis
For same section and according data from Table 1 , stability analyses were performed via ANSYS software based on strength reduction finite element method with HFL = 4 m. The results of analyses will be compared with the stability analyses which based on SLOPE/W software by using Bishop's method of slices in [13] , as shown in Figs. 5 and 6. From Figs. 5 and 6 above, it is proved that the analyses by both of ANSYS and SLOPE/W software gave good close results, where the factor of safety (FS) of the slope stability by ANSYS is1.944 while, it is equal to 2.021 when SLOPE/W software be used.
5.3The Parametric Study
In this section the parametric study has been considered to give some reality about subject, therefore:  FS is calculated for three different slopes with three different flood conditions (Dry, Low Flood Level LFL, and High Flood Level HFL) conditions [15] , where the type of soil is considered as ( . The results of FS are presented in Table 2 . In other hand, the soil properties are selected as given in [16] . The results of FS are calculated as given in Tables 3 and 4 . The failure of soil mostly depends on FS. The required FS is preferable to be greater than 1.2 [15] ; therefore, the lesser value would result in a threat for soil. After analysis, FS for cohesion less soil at all conditions with slope 1:1 are found significantly less than one, while for slope 1:1.5 is less than the required value (i.e., 1.2). Also, FS for sandy clay soil at high and low flood condition for slope 1:1 is less than 1.2.  FS under seismic load is concerned as time-history force as shown in Fig. 7 for silt soil properties given in Table 2 (i.e.
in high flood level be compared with static load, is presented in Table 5 . The seismic load produces the horizontal forces acting on the slices that increasing the moment of the weight of the slices with respect to the center of the slip circle, thus reducing FS as represented in Table 5 .  Maximum seepage flow was calculated for five different of soil permeability ( with another three different flood levels (FLs) as given in Table 6 . Table 6 indicates that, there is a direct relationship between the maximum seepage flow with both permeability and flood level, where increasing them will directly increasing maximum seepage flow.
5.4Levee with Core
A clay core may be considered as a control device to reduce seepage through the embankment. This can be trenched into the foundation to reduce seepage underneath the embankment. To define the effect of core on seepage and stability analysis, levee section taken from [18] is modeled by ANSYS software, as shown in Fig. 8 .
According to geometry of levee in Fig. 1 , data in Table 1 , and core section in From investigating the hydraulic behavior of clay core for a levee section subjected to flooding as shown in Figs. 9 and 10, it was observed that a clay core can ensure reduction in the pore water pressures in levee section compare with the section without core statues in Fig. 4 . Also, it gave a factor of safety for slope stability larger than factor without use it, where the factor of safety from Fig. 11 was equal to 2.10, while from Fig. 6 was 1 .94.
Conclusions
1. The ANSYS/APDL is an efficient tool to simulate and analyze seepage and slope stability problem. 2. After stability analysis, the safety factors for cohesion less soil at all conditions with slope 1:1 are found significantly less than one, while for slope 1:1.5 is less than the required value of the factor (1.2) and this similar to sandy clay soil at high and low flood condition for slope 1:1. 3. Safety factor for slope stability decreases clearly when applying seismic load at section, especially for 1:1 slope. 4. Clay core in levee section can ensure a reduction in the pore water pressure and ensure adequate slope stability to the levee section.
